Abstract A transdisciplinary concept, resilience has emerged from monodisciplinary approaches and finds its foundations in various domains such as materials science, ecology, psychology, sociology, ethology, medicine, etc. Although the concept has been a work in progress in the scientific community for several decades, it was only adopted by the safety studies community in the 2000s. The Fukushima Daiichi accident has accelerated its popularity and led to an abundance of theoretical and methodological references, ideas and concepts, processes and approaches that are more-or-less operational.
Introduction
Unfortunately, dramatic nuclear accidents are a source of information, knowledge and learning for researchers in the safety studies. As their career progresses, members of the community learn more: safety is driven by accidents, catastrophes and disasters of all kinds. While this is obviously a tragedy, it is clear that we do not really know what else to do.
The accident at Three Mile Island on March 28, 1979 taught us that inappropriate actions can lead to core fusion, that serious accidents necessarily involve all stakeholders in civil society, that the defenses of a nuclear installation must be 'deep', and that each accident contains in its genesis 'precursor' scenarios that, if they can be identified, may help to avoid the situation becoming worse [1] .
The Chernobyl accident on April 26, 1986 , taught us that 'global' public opinion about nuclear safety cannot be ignored [2] . In particular, it showed us that opera-tor's cannot act as the sorcerer's apprentice, blithely dispensing with basic safety requirements. It also taught us, a posteriori, that operators must learn from both their own experience and that of others. The concept of 'safety culture' emerged from the Chernobyl accident. It has since been widely popularized and reused to demonstrate that the safety of a facility is the top priority for all operators [3] [4] [5] .
What have we learned from the Fukushima Daiichi accident? Two Commissions of Inquiry were established: one at the initiative of Prime Minister Naoto Kan, the other by the Japanese Diet. Both Commissions recognized that the nuclear accident at Fukushima Daiichi was "a man-made disaster" and not simply caused by the earthquake and the giant tsunami that occurred on March 11, 2011 [6, 7] . The Commissions' reports were voluminous, and supplemented by international analyzes [8, 9] . Everything came down to the facts, causes and consequences of the accident. Finally, and as usual, everyone agreed (without actually explicitly saying so) that the accident could be seen as useful, whether in terms of how to regain 'control' of a system that was out of control, or as a way to learn from each other's mistakes, or as example of the intertwined decisions that were taken at multiple levels (local, hierarchical, organizational, inter-organizational, political, international, etc.). In other words, as a way to say that all of this could have been avoided if only…
All of these Commissions produced a long list of recommendations that are both sensible and helpful in improving safety. However, fundamentally they offer nothing new-all are consistent with a 'normative' vision of nuclear safety. Although it cannot be disputed that they are an invaluable source of knowledge and progress, their very nature creates a form of myopia. This myopia is so pronounced that it eventually produces expert and techno-centered analyses that only take into consideration standards, laws, regulations and procedures. It excludes all forms of humanity from a human activity, while accidents are clearly a departure from the logical course of events.
Does this mean that the accident at Fukushima Daiichi will have taught us nothing? Obviously not! Rather, it places the concept of resilience, which has become particularly fashionable in many disciplines, at center stage in nuclear safety. The concept was integrated into safety sciences in the early 2000s. It has taken pride of place in the context of the Fukushima Daiichi accident. Entering into resilience assumes the system has survived, if not it has perished! This chapter is organized into five sections. It identifies and describes the determinants of the entry into resilience in a socio-technical system that is the victim of an unprecedented accident which, without an adequate response, will obliterate the system itself. The first section revisits the notion of the accident, looking at it in terms of the 'extreme situation'. The second introduces the concepts of resilience and entry into resilience. The third and the fourth sections respectively discuss the link between the entry into resilience and notions of time and space. The last section discusses the human and organizational determinants of an organization's entry into resilience. The Fukushima Daiichi accident, and in particular the decisions taken by the engineering teams on the site between 11 and 15 March 2011 serve as a case study.
From Nuclear Accident to Extreme Situation
Fukushima Daiichi is a Japanese nuclear power plant, which on March 11, 2011 suffered, like the rest of Eastern Japan, the effects of a terrible earthquake followed by a devastating tsunami. Before becoming a nuclear power plant, the site was a training camp for the Japanese kamikaze during the Second World War [10] . At the time of the accident, the Director of the plant was Masao Yoshida. The Daiichi plant is a neighbor to the Dai Ini plant, where Naohiro Masuda was the Director, and whose handling of the crisis was presented as a model of good management [11] . Like Masuda, Masao Yoshida knew perfectly well how to handle the situation (which we will later term 'extreme') he and his men were faced with, despite the fact that the damage and losses were far more extensive at Daiichi than Daini. Nevertheless his actions came under severe criticism. But that is the subject of another story [12] .
The management failures that occurred in the handling of the crisis at Fukushima Daiichi are not the first of their kind: the accident at Three Mile Island, not to mention Chernobyl had already highlighted the inability of crisis management procedures to cope with 'unthinkable' situations. From this, it seems almost reasonable to conclude that few real lessons have been learned [13] .
There appears to be a kind of illusion of safety, a fact underlined by the pertinent observation of a TEPCO manager who explained the accident in terms of overconfidence, lack of imagination and various biases [14] . Despite all efforts to overcome them, these three challenges lead to accidents that Perrow [15] describes as "normal" or "systemic", due to complex interactions and tight coupling within the system. However, the phenomenon described by Perrow is not new. The historian Fressoz [16] describes its origins in the nineteenth century with the development of the railway system; catastrophes have proven to be inherent in systems where "nobody is able to anticipate and ward off the effects" [17] .
While it is recognized that failures are inevitable, contemporary approaches to 'beyond-design-basis' accidents in nuclear safety [18] must address ongoing challenges. In the aftermath of extensive damage, actors must adopt innovative, improvised solutions to return to a safe situation. Similarly, they must draw upon resources that are not part of the usual frameworks and patterns for problem solving [8] . It is clear that this postulate is far from being accepted. The numerous investigations into the accident repeatedly reaffirmed the benefits of the concept of defense in depth [19] , despite its inability to effectively evaluate events that lead to the emergence of new sources of vulnerability [9] .
The situation at Fukushima Daiichi goes beyond coping with an unthinkable disaster, and concerns "a state of emergency which seems to have no end", or even "a slow, diluted catastrophe, an ongoing catastrophe" [20] . This has consequences for how we handle the phenomenon. The Fukushima accident is not limited to the period from 11 to 15 March 2011; the site is subject to ongoing natural threats (from another earthquake or tsunami) and the facilities remain severely damaged.
When question of when the accident will end raises the issue of uncertainty in a post-accident context where many parameters cannot optimized. One of the lessons learned from the Fukushima Daiichi crisis is that many countries now consider the post-catastrophe phase of preparations for a "return to normal" to be equally as strategic as crisis management preparations [9] . Confirmation comes from the Director of the Fukushima Daiichi plant, Masao Yoshida. Yoshida testified that the operator, TEPCO, had not provided any emergency measures in the case of a power failure, which meant that there was no way to cool the reactors [21] . Even today, certain events remain unexplained and there are clear cases of ambiguity. 1 Therefore, rather than the concept of the accident, a more useful concept appears to be that of the 'extreme situation'. Gilbert [23] argues that "some situations have become real black boxes" due to a blatant lack of investigation and analysis. Safety approaches are limited to compliance with risk analysis principles and standards, and therefore tend to underestimate extreme phenomenon that cannot be planned for.
A situation is called 'extreme' when conditions are radically different from those of so-called 'normal' life and are unusually intense, becoming excessive, or even unbearable [24] . Dealing with the extreme situation pushes people to their limits; to the edge of the abyss [10] . The individual, group, organization, company, or more simply, the system is faced with extreme violence, a radical shake-up of life as they know it.
The extreme situation leads to the destruction of identity, the loss of benchmarks and frames of reference. The explanation is simple; identity is shaped or manufactured by external relationships (specifically, compliance) with current social norms, adherence to common and therefore shared values, responses to social expectations, and dependency or even subordination between actors in the system. From the moment the (existing) value system is shattered, a change occurs-and a new system appears.
The concept of the extreme situation therefore places the individual and the organization that must face the unthinkable at the heart of the analysis [24] . The unthinkable takes the form of three 'entities' that become, through the forces of nature and human weakness, uncontrollable and 'unleashed'. Following a period of 'devastation' and predictions of 'certain death' [25] , the actors involved in the Fukushima Daiichi accident began a phase of 'coping', which enabled them to mobilize multiple resources in order to survive in the short term [26] . They then began a return to an acceptable situation, despite extensive damage, widespread pollution and the hazards that endangered, and continue to endanger the site. 1 For example, the causes of the malfunction of the core of the reactor cooling system (Reactor Core Isolation Cooling) of Unit 2 remain unclear [22] .
Entry into Resilience: A Way to Cope with the Extreme Situation
The concept of resilience is only relevant following damage, loss, an accident, trauma, etc. Pre-event is the domain of prevention, prudence, or even precaution.
To be able to discuss resilience, you first have to survive. Even this is not enough, as, while it can be a sustainable situation, survival is fragile. The concept has positive connotations. Resilience is an asset, it represents progress; being or becoming resilient does not mean returning to the nominal, pre-shock state. This is anyway impossible because the system, whatever form it takes, remembers the event (albeit for a limited period of time). Although the concept is in fashion, there is no universal definition that can be applied to all domains. That said, the English term 'resilience', itself derived from the Latin verb resilire (to bounce), is made up of re (again) and salire (rise), which implies a retroactive effect [27] . While in the 1970s the term was associated with the ability to absorb and overcome the effects of significant, unexpected and brutal disruption to ecological systems [28] , hybrid definitions have since emerged in many disciplines including geography [29] , psychology [25] , sociology [30] , organizational sciences [31] , ergo-psychology [32] , etc. Within this smorgasbord of definitions, two fundamental ideas prevail: community, 2 and the process. In the absence of a consensus, resilience can be defined as the capacity of a system to absorb disturbances and reorganize itself during ongoing changes [33] . It is probably more relevant, especially in the case of an accident as serious as that at Fukushima Daiichi, to place less emphasis on states of equilibrium as "frontiers as a function of the domain of attraction" because paradoxically, highly fluctuating instability can also foster entry into resilience [28] . In practice, a system can be very resilient, yet fluctuate significantly and therefore be fairly unstable. This approach seems more relevant in the case of Fukushima Daiichi where, given the enormity of the shock, it was more important to preserve relationships in the socio-technical system than to return to the previous equilibrium as quickly as possible, which in fact proved to be an unrealistic expectation [34] .
Contemporary views of nuclear safety see the concept of resilience as a post-crisis process, part of a community dynamic that stresses organizational adaptability [35] . It has a predictive dimension that helps the organization to overcome adversity and get back on track [27] . However, this predictive dimension, and a fortiori entry into resilience, must not neglect the role of probability, uncertainty [13] or even a "surprise" dimension in the success (or failure) of its implementation [36] . Here again, there is a reference to a conscious capacity to "navigate" and "negotiate" [37] in order to cope with an extreme situation. 2 In ecology, a community is a group of organisms belonging to populations of different species making up a network of relationships. 3 A process is a system of activities that uses resources to transform inputs into outputs.
The Fukushima Daiichi Nuclear Accident: Entering …The term 'entry' expresses "movement from one place to another" [38] : therefore there is a 'transition' that must be taken into account. The concept is also linked to the question of "the place through which we enter" [38] , and thus the direction of the transition. Time also plays a part, as the 'entry into' begins with the exercise of "a practice" [38] that implies a "change of state" [39] .
The change of state is explained by unforeseen sequences of complex interactions that could not be predicted [15] . Entry into resilience must therefore be perceived as an 'exploratory zone' in which it is necessary to have a better understanding of the interactions in order to improve how they are managed. From this point of view, a learning phase is necessary. It is difficult to rationalize this exploration phase either upstream or during the process as it resembles "cognitive DIY that does not belong to the scientific world (which does not mean that it cannot be effective)" [40] . In this case, rationality could be described as procedural, with "simple but strict rules, which certainly does not completely eliminate risk, but reduces it to a level below that resulting from substantive rationality" [41] .
Entry into resilience therefore translates into the creation of a new system [33] when ecological, economic or social conditions make the initial system untenable. In this case, the variables and scope that define the system must be modified. Nevertheless, the potential for the loss of a certain degree of resilience is inevitable, in the context of the dynamic interactions found in adaptive complex systems. Such multiple interactions were thrown into sharp relief during the Fukushima Daiichi crisis [8] and complicated the implementation of appropriate responses.
It is important to note that older definitions include an element of 'privilege', linked to the capacity to 'enter into'. The chambers of the king of France could only be visited at specific times [42] . By extension it could be argued that this 'entry into' also embodies a situation where the parties involved must demonstrate in advance their capacity to access the privilege: in other words, education, training, experience, professionalism, etc. The curriculum vitae of Masao Yoshida [12] is illuminating in this sense as it demonstrates his competence and expertise, making him the right person in the right place.
Finally, the notion of 'entry into' finds support from the biological metaphor of the membrane, "a generic organ that links the interior with the exterior, the past and the future, using the dual mode of qualification/interpretation of the future through the past, and the integration of the future using the encoding of the past" [43] . This metaphor enables the introduction of the relationship between time and space.
Prigogine [44] places the question of time "at the crossroads of problems of existence and knowledge". In this sense, his argument is similar to that of Heidegger [45] for whom the question "of the meaning of being" cannot be examined without an interpretation of time as the possible horizon for any understanding. If it is accepted that resilience is a process, and that the entry into resilience is a moment (an instant or a short duration…), then it cannot be argued any other way than that time is one of the determinants that shapes its nature. If it is accepted that time is "at the crossroads", the question of space necessarily arises. Time and space are therefore the most important, fundamental and essential determinants to be examined.
Entry into Resilience and Time
Time is "huge and complex" [46] . Classically, it is approached from three angles: chronology (a sequence of events that follow one another), simultaneity (events that occur at the same time) and duration (a measurable period). Typically, a linear and cumulative concept is contrasted with one that takes into account multiple, discontinuous temporalities. For example, [47] summarizes it as, "rather than simulate a linear story that is 'in progress', priority should be given to these flashbacks, these evil blows, these lightweight catastrophes that perturb an empire much better than major upheavals. Give priority to non-linearity, reversibility, everything that relates, not to an unfolding or an evolution, but a winding game, a reversion in time. Anastrophe versus catastrophe. (…). Everything happens in loops, in tropes, in reversals of direction". The challenge is to know how to manage these various feedback loops, "the analyzed object's victorious ruse" [48] especially within a system in crisis.
The concept of crisis can be defined as a runaway phenomenon, the translation of an acceleration, or a loss of control. Entry into resilience aims to halt this phenomenon using a more powerful natural or artificial mechanism, which will initially slow it down and then stop it [49] . More specifically, in the case of an extreme situation the focus is less on a search for the causes of this runaway phenomenon, than to understand the "delirium of forms and appearances", this "endless cycle of metamorphoses" where everything "explodes into connections". It could be said that entry into resilience helps to "slow down, stop at certain points this total correlation of events" [48] . It is therefore essential to have feedback loops [50] that act retroactively on the source. From this perspective, entry into resiliency can be seen as an attempt to create a return to the origin of the crisis so that the system can be brought back under control and become more fluid.
The challenge is therefore to find the right tempo 4 that allows the technical objects 5 [51] in the system sufficient time to independently enter into resilience. This tempo is punctuated by 'phases' that have a role to play, but "by phase, we do not mean a moment in time that is replaced by another". It is more accurate to say that "in a system there are phases when reciprocal tensions are in equilibrium; the current system composed of all phases taken together is that the full reality, not each phase taken by itself, a phase is only a phase when compared to another. (…). Finally, the existence of a plurality of phases defines a neutral, balanced center, which provides the conditions for the existence of the diphase" [52] . An overall harmony with respect to time management must therefore emerge. In the time management context, it is in the relaxation phases where minor or major factors are 4 Here, the concept of tempo is not limited to the speed of execution but the pace at which a set of actions unfolds. 5 "The configuration of technical objects specifies a certain division between the physical and social world, assigns roles to certain types of actors-human and nonhuman-and thereby excludes others, permits certain modes of relationship between these actors, etc." (p. 49).
synchronized. In practice, there is period of relaxation that is proper to the technical object, which should be respected.
This issue of tempo is generally adapted in improvisation phases. Weick [53] , drawing on the work of Berliner [54] and his study Thinking in Jazz: The Infinite Art of Improvisation, argues that at the organizational level improvisation involves reworking pre-composed material and considering it in relation to unanticipated concepts that are designed, formed and transformed under specific performance conditions. Jazz is not spontaneous, intuitive music but flows from the experience of 'musician/actors' and the disciplined application of a vast musical knowledge. This analysis can be expressed in the context of the improvisation of actors involved an extreme situation, who must rely on a repertoire of training resources, experience and a shared vision [55] .
A dual temporality must be also managed [56] . The first requires a short-term response that should not limit the adaptability of the system in the long term. The second involves establishing a balance between the need for resources to be mobilized in the very short term and other resources that need to be saved for the long term [32] .
Finally, time cannot be discussed without the notion of duration [57] . Bergson opposes the idea of the duration of consciousness and scientific time (defined in terms of measurable periods). Instead, time is the measurement of repetition in space. It is thus a way to reduce an evolutionary phenomenon to spatial coordinates. "Pure duration" is unconstrained thought in the timeline of the same evolutionary phenomenon. It implies something that ensures continuity between successive states. According to Bergson this is the consciousness of the observer, which he calls "intuition", because it is not perceived through a projection of the evolution of the system described in spatial terms, but by a thought that is inseparable from its object.
Entry into Resilience and Space
The idea of space, inseparable from that of time, is classically considered in the broad and Cartesian sense that defines it as a "scope, a medium in which the observed phenomena occur or abstractions are the object of study" [58] .
The viability of a technical object is intimately linked to its "associated milieu" [59] or even a "mixed milieu, both technical and geographical" [52] . The severity of this local challenge was severely underestimated in the spatial management of the Fukushima Daiichi accident. It has even been argued that in general, the remote interaction between the various organizations that should have been responsible made it "pitiful" [60] . An example is the relationship between Yoshida (who considered senior managers to be disconnected from reality) and TEPCO headquarters-when his request for 4,000 tons of water was understood by management as 4000 tons of drinking water [61] . Frustrated, the plant's director gave greater weight to the local situation, to the extent that he decided to ignore certain orders from headquarters. The notable example is when he decided to continue (after checking with his subordinate) operations to inject seawater to cool Reactor 2 [62] . However, most of the local initiatives taken by Masao Yoshida only proved relevant in a posteriori debates and controversies. An example is his decision to move skilled workers from Reactor 1 to a more secure building further away for their own protection. Paradoxically, some of these workers criticized the decision, which they perceived as demeaning [61] .
It can be difficult to identify the perimeter of the local zone, and a fortiori that of the zone for entry into resilience. Nevertheless, it seems very likely that it should be as close as possible to where the accident took place. Thus, for example, the support of the United States (which is also indicative of an ambiguous state of dependency) was not always very useful. An example is that American authorities initiated the assembly of four water pumping systems for each of the plant's ponds. However, on March 18, 2011, when the parts had already been assembled in Australia and were waiting to be transferred by plane to Japan, the Americans learned that the Tokyo Fire Department had been able to build a pump that was similar to the equipment already used at the site [63] . This failure can be explained by the argument that the nuclear industry is "essentially a centralized energy" [59] . A crisis of the magnitude of Fukushima Daiichi requires a level of decentralization that is not found in its culture. The extent of this centralization is most clearly seen at the time when the crisis began (between Friday, March 11 and March 12 at 10 am), when TEPCO's most senior managers, Tsunehisa Katsumata (Chairman) and Masataka Shimizu (President), were respectively on business trips to China and Nara (an historical Japanese city) [64] . Their absence meant that TEPCO was unable to make quick decisions. This trend towards centralization often results from an exaggerated fear of panic, which must be avoided at all costs, but that actually occurs very rarely [65] .
The importance of the local management of the crisis at Fukushima Daiichi has been highlighted in numerous analyzes and reports [9] . Following the catastrophe, some countries re-evaluated the size and nature of their emergency evacuation zone, according to the country and the geographical context of its nuclear plants. Developing cooperation with neighboring countries in the case of emergencies has become a new priority, in particular joint maneuvers and exercises.
Local solutions must therefore be established to facilitate and accelerate entry into resilience. These solutions can, for example, be based on the pertinent criterion of "concentration" [65] (of energy, populations and decision-making powers).
In this context, the concept of Community Building Recovery Corporations (CBRC) [66] seems to be relevant. It is based on three levers: change, community and leadership. Economic reconstruction (i.e. post-accident) is established on a local level with the support of citizens in a combined public-private approach. The resources that are mobilized are primarily local, guided by the principle of a high level of creativity in their implementation. The Fukushima accident demonstrates the usefulness of the CBRC concept, as the main challenges concerned not only electricity and information, but also the more basic problems of a lack of food, access to toilets and additional emergency rescue teams [8] , which could have been better solved locally.
However, in a nuclear crisis decentralized management is not sufficient for success. The Chernobyl catastrophe was primarily managed in a decentralized way and clearly ended in failure. "The accident analyzes give the impression that the workers at the bottom of the ladder ran the system in their own way, trying to cope with the facility, to gain time and to fix things, incredible acrobatics" [40] . Moreover, the arrival of engineers from Moscow proved ineffective as they were highly specialized in electro-mechanics and not the operation of a nuclear reactor (and knew even less about nuclear safety). Consequently, this failure of decentralized management at Chernobyl led operators and regulatory authorities to favor a technical approach that limited the room for maneuver of operational staff. However, the Fukushima Daiichi accident poses a challenge to this approach.
Beyond the issue of decentralization, entry into resilience also raises new questions on the theoretical level, notably regarding the path of this "entry" and the definition of a space dedicated to it. This requires a change in the formalization of objectives, and consequently the trajectory of the socio-technical system [32] . The approach differs from ecological definitions of the concept of resilience that tend to focus on the capacity (or not) of a community or group to confront and overcome adversity, and therefore to enter into resilience. A perspective framed in terms of trajectory places the emphasis on essential and vital functions that must continue after a crisis, something that seems more relevant in the framework of successful entry into resilience. Moreover, this trajectory must move in the direction of a "basin of attraction" in which systems tend to reach equilibrium [33] . This equilibrium must play the role of attractor in guiding the trajectory of entry into resilience and result in "stability landscapes" that are defined by clear boundaries. Stabilization can be disrupted [67] by both external elements (for example, conflicting orders from headquarters or the government) and internal elements (for example, lack of data, or undue, and ultimately mistaken reliance on information provided by a sensor).
In practice, the path is more like a rotary (roundabout) than it is linear [68] , as each actor can enter or leave at any point to enter into resilience, while a kind of 'insider/outsider' dynamic can be implemented in neighboring communities. The trajectory can also be oriented in such a way as to fill the structural voids at the borders of organizational units [69] , which become strategic hubs. A risk related to the orientation of this trajectory is 'destinationism' [41] , which consists in having an excessive focus on the target to be met. However, in the case of an extreme situation that is highly unstable, it is sometimes necessary to adjust the target. Finally, establishing a clear and limited objective presupposes that complex, uncontrolled interactions can be understood.
The capacity to implement a "pivot strategy" is essential. This strategy can increase "resilience capital" [70] and as a result facilitate entry into resilience. To extend and improve resilience, organizations must also encourage heretical questions at operational levels [71] .
We now address the question of the formalization of a space dedicated to resilience and entry into it.
"Scoping" [72] is designed to clarify the boundaries of the organization in relation to a given area. In the case of a nuclear accident, although the management of the organization is limited to certain target areas, it is important to maintain a holistic view of the crisis. The Cynefin model [73] , for example, distinguishes four categories of context that can help in understanding an extreme situation:
• Chaotic context: there does not seem to be any link between causes and their effects. The available concepts are useless. An open-minded approach, focused on investigation and exploration is essential before taking decisive action and analyzing its effects. Under time pressure, action must be both rapid and carefully considered.
• Complex context: there are multiple interactions between causes and their consequences but it is impossible to precisely model or predict the impact of an initiative on the system. In this context, an insightful and flexible exploratory analysis should be carried out.
• Knowable context: the relation between cause and effect can be assessed but there is not enough data to be able to evaluate the situation.
• Known context: the relation between cause and effect is predetermined.
From the perspective of trajectory, entry into resilience consists in moving from a chaotic context to a complex context. The situation at Fukushima Daiichi will only be fully brought under control when a known context is achieved. Current conditions at the site are still complex and fragile: the return to a chaotic context cannot be excluded if, for example, another major earthquake occurs. This shows that entry into resilience does not guarantee a sustainable trajectory in the long term.
It is important to note that the transition from one context to another or, more generally, entry into resilience implies a period of adaptive research. During this period, actors establish trade-offs as a function of boundaries between acceptable and non-acceptable performance [74] . If it proves impossible to avoid crossing a boundary, an error or accident may occur. There is therefore a 'dead point', beyond which entry into resilience reaches a point of no return and will fail. This point represents a threshold where any system that "crosses this fine line of reversibility, contradiction, questioning" will "enter, living, into its own frenzied contradiction…" [48] and ultimately perish.
Therefore, entry into resilience implies that the actors know how to delimit the intervention space and can establish boundaries beyond which the situation is irreversible. In an emergency, it is likely that in most cases the concept of entry into resilience and its relation to boundaries is metaphoric, and cannot be quantified in terms of risk [32] . Nevertheless, the understanding of risk must be communicated internally to actors at all levels of managerial responsibility [75] .
We should not overestimate aspects of local culture in the management of resilience and thus the establishment of a resilient space. It is more important to observe the influence that certain forms of culture have on an organization.
For example, entry into resilience involves a shift from a pathological and bureaucratic culture (notably embodied in the relationship between TEPCO and Japanese political powers), to a generative culture that enables the organization in crisis to activate resilience in the best possible conditions [76] . It should be noted that this argument refers more to general boundaries than a definition sensu stricto of measurable organizational boundaries.
In summary, the questions of the path for entry into resilience and the definition of its space are acute. Going beyond the models of Snowden [73] and Westrum [76] , a more accurate analysis of the Fukushima crisis will help to formalize and theorize trajectories and spaces necessary for entry into resilience by paying greater attention to the details of how operations unfolded.
Human and Organizational Factors of Entry into Resilience in an Organization
Many models [15, 18, 32, 65, 69, 74, 75] describe the response of organizations to disruption at all orders of magnitude. Most rely on a call for strategic and operational, or even financial resources. Some also examine the safety management system and attempt to determine if a system is resilient or not. Although these contributions are clearly important, in our view they overlook the dynamic character of the resilience process. In fact, there are very few models that describe the mechanisms and determinants through which resilience emerges in response to a traumatic event.
Two key processes in the mobilization of resilience can be cited: the reconfiguration of resources and their mobilization [77] .
Resilience may emerge when "resources are sufficiently robust (…) or rapid" [68] to be able to slow down and counteract the negative effects of a severely degraded environment. A key concept that quickly emerges is the "conservation of resources". According to the theory of the same name (Conservation of Resources, COR) [78] , stress emerges when resources are limited, lost or when individuals cannot replenish them despite significant effort [68] . COR theory argues that actors must invest in resources to guard against the loss of other resources. In some ways, entry into resilience makes sense in this context: it makes it possible to anticipate the loss of valuable resources and thus curb fears of a runaway situation that could lead to the loss of the system itself.
In terms of resource mobilization, the work of Powley [79] on the concept of "resilience activation" is particularly interesting. Entry into resilience is established as a result of three mechanisms that follow each other in chronological order. Resilience is activated during a critical period. Its smooth operation implies first and foremost "liminal suspension", which in turn activates "compassionate witnessing" and then "relational redundancy". It is in these conditions that a resilient organization is created.
Liminal suspension activates the resilience of the organization in two ways. First, it provides a temporary holding space in which its members have time to readjust on a psychological, emotional and relational level. Members of the organization can help and support each other without work constraints in a "holding space for pain". Second, the crisis can shift the positions of actors, leading to the creation of new relational structures and the strengthening of existing relationships. The social positions of some members of the organization may shift as new relations that create solidarity are formed. Liminal suspension activates resilience by undoing social and organizational structures for a period of time in which actors lose their 'status' and new, deep bonds are formed that challenge previous relationships. It also creates time and space for relational structures to shift, thereby "loosening control" to reduce "defensive perceptions" between members of the organization [80] . However, liminal suspension does not make the distinction between roles obsolete.
"Compassionate witnessing" implies empathy for others. This phase follows on from the new relational structures that emerged in the previous phase. Compassionate witnessing can be activated in two ways within an organization.
The first is to demonstrate mindfulness in relationships with others. This dimension is not only limited to cognitive aspects, but also implies identifying the emotions of others, leading to an appropriate response to their emotional, physical and social needs. The second is sharing and connecting. In particular, sharing experiences helps the organization's members to restore order and bounce back. Compassionate witnessing activates resilience by adapting the organization to the response of its members. In this case it does not coordinate behavior, but rather emphasizes the importance of emotions and thoughts in the interpersonal relations that enable actors to heal from the trauma.
"Relational redundancy" refers to interpersonal connections that overlap and intersect, and extend beyond the boundaries of the social reference group. There are two aspects to relational redundancy. First, there is an informational connection that relates to the ability of members of the organization to share critical information about safety. Secondly, overlapping social links provide a holistic and panoramic view of the entire set of interactions within the organization. Relational redundancy therefore activates resilience through intersecting interactions that ensure the persistence of relationships within organizational systems. From this perspective, the informational field widens when actors share critical information within the system or with their immediate social reference group. Counter-intuitively, resilience is activated not through principles of organizational efficiencies, but through principles of redundancy and excess relational capacity. From this perspective, each actor in the system plays a strategic role in finding and transmitting critical information to other members of the organization. This abundance of connections favors the emergence of a new kind of network that creates multiple opportunities for members to share information, express emotions and therefore enable organizational resilience.
Conclusion
Characterizing the determinants of entry into resilience is a major challenge. It is clear that very little is known about it. Some disciplines (for example, psychology and ecology) have made more progress than others. These disciplines have the advantage that research is based on a clinical approach, and they are able to examine extremely well-documented cases. However, the challenge that remains is to generalize the examination of a specific and particular situation. In the fields of management science and human resources, the work of Powley [79] is particularly interesting. The author proposes a data analysis methodology and a model for determinants that are very relevant to our understanding of the mechanism for entry into resilience. The field of safety sciences has made its own contribution. The work of Hollnagel [32] provides a definition of the concept of resilience and its application to the measurement of the performance of a safety management system on the one hand, and, on the other hand, four meta-categories (respond, monitor, anticipate, and learn) that offer other ways to investigate the issues in more depth. While the number of conceptual models that are aimed at standardization is legion, the fact remains that little is known about the actual teams, groups, and organizations that must face the unthinkable. This lack of knowledge favors an approach in the field that tries to immerse itself as deeply as possible into the mechanisms and processes that come into play when facing an extreme situation. The Fukushima Daiichi accident offers an extraordinary field for researchers by virtue of the profusion of data sources and the information that has already been made public and which will eventually be made public in the future. One example is the hearing attended by the plant's Director [12] . His very personal testimony helps us to understand what motivated the responses of engineering teams who were faced with an unprecedented situation and offers an initial starting point for thinking about the concept of engineering in extreme situations [81] .
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